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Description 

• [0001] The present invention relates to a magnetic fil- 
tration system for filtering ferrous and some non-ferrous 
material from a fluid in which said material is in suspen- 
sion. 

[0002] The magnetic filter device of a previous appli- 
cation (9515352.4) (WO97/04873) (MARLOWE) com- 
prises an annular magnet disposed between a pair of 
annular metal plates. Fluid flows into the device through 
recesses in the metal plates, and returns through the 
centre of the device when used in conjunction with a 
conventional filter. 

[0003] Another device (FREI) (US-A-21 49764) uses 
a series of cylindrical magnets separated by a series of 
metal baffle plates, which are magnetised through con- 
tact with the magnets. The flux fields generated are de- 
signed to collect particles on the plates themselves and 
also around the edges of the perforations in the plates. 
A metal screen abuts the edges of the plates and is 
therefore magnetised through contact with it. The 
screen forms an envelope around the arrangement and 
is designed to increase the magnetised area in the ac- 
tual flow path. Disadvantageously, however, the metal 
particles, which build up on the screen, form an ever- 
increasing obstruction to flow. In addition, any particles 
collected on the plates are exposed to the flow, and are 
in danger of being washed off. In the present invention, 
the magnetic flux direction and properties are used to 
advantage as described later herein. 
[0004] A magnetic filtration system for filtering ferrous 
and some non-ferrous material from fluid, in which said 
material is in suspension, comprises inlet and outlet 
means. The system can advantageously be inserted at 
almost any point in a fluid system. The filtration system 
comprises a plurality of collection units that can be dis- 
posed in a housing. Magnetisable material, in particular 
ferrous particles and some non-ferrous particles drawn 
along with the ferrous particles can be collected in the 
collection units. Particles are advantageously magneti- 
cally held out of the flow path, and therefore do not result 
in obstruction of flow. The collection units can be readily 
removed from the housing, to be dismantled, cleaned of 
any material collected and re-installed for re-use in the 
system. In an embodiment where the magnet is an elec- 
tromagnet, when the electromagnet is active, material 
can be collected from the fluid, and when the electro- 
magnet is deactivated, the material collected can be re- 
moved from the units and disposed from the system. 
[0005] The present invention is applicable to fluid sys- 
tems that are subject to high flow rate and pressure. 
[0006] In accordance with one aspect of the present 
invention, there is provided a magnetic filtration system 
for filtering magnetisable material from a fluid in which 
said material is in suspension comprising inlet means 
and outlet means, in which a plurality of collection units 
is disposed, each collection unit comprising a plurality 
of plates or plate arrays disposed either side of one or 


a plurality of magnets so that the plates or plate arrays 
have opposing polarities, wherein portions of the plates 
or plate arrays extend beyond part or all of an edge or 
edges of one or a plurality of said magnets, facing plates 
5 have one or a plurality of apertures, and wherein facing 
apertures define a region of magnetic repulsion, and 
facing plate portions define therebetween, a region of 
magnetic attraction and magnetisable material collec- 
tion, such that the magnetic flux fields thus created fa- 
cilitate preferential collection of magnetisable materials 
in the collection region between facing portions rather 
than In the region between said facing aperiures. 
[0007] It is an advantage that the facing collecting re- 
gions alternate with facing apertures such that the at- 
tractive flux fields generated in the collection regions 
and the repulsive fields disposed either side thereof fa- 
cilitate collection in a volume sandwiched between ex- 
posed facing plate portions. Particles can thus be re- 
tained in three-dimensional space rather than on merely 
the magnetised surface area that is exposed to fluid 
flow. Each collection unit thus offers greater capacity for 
debris than that possible with the exposed surface area 
of its component parts when disassembled. The repul- 
sive forces in the apertures of each collection unit divert 
magnetisable material from the apertures so that they 
collect preferentially between facing plate portions rath- 
er than in the apertures, to thus allow fluid to continue 
to flow through the unit even at capacity. 
[0008] Advantageously, the respective plates of adja- 
cent collection units having like polarity are disposed ad- 
jacent to one another so as to substantially restrict the 
collection of magnetisable particles to the collection re- 
gions substantially within the interior of the collection 
units. An individual collection unit will have its own dis- 
tribution of magnetic flux, part of which are regions of 
magnetic attraction between the facing plate portions of 
the unit. If another unit is disposed so that the respective 
neighbouring plates have unlike polarity, one North, the 
other. South, the flux existent within the collection unit 
(as an individual) will be dispersed through the genera- 
tion of further magnetic fields of attraction between ad- 
jacent collection units. If the collection unit is disposed 
beside another so that like poles of adjacent plates are 
facing, then the repulsive forces thus created between 
adjacent collection units will condense the attractive 
magnetic flux towards the region between facing plate 
portions, more so than when there are no further adja- 
cent units. 

[0009] Advantageously, there is provided a housing 
made of a non-magnetisable material. This limits mag- 
netisable material collection to the collecting regions 
within the collection units if the collection units are dis- 
posed in close proximity to the interior of said housing. 
The housing can be made of a magnetisable material if 
said collection units still facilitate fluid passage there- 
through even when filled with contaminant. 
[001 0] It Is an advantage that there is provided a hous- 
ing integral to a fluid flow system, said filtration system 
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still permitting fluid flow therethrough even at capacity. 
[0011] in one embodiment each collection unit can 
be further separated from an adjacent collection unit by 
a spacing member This allows for the better utilisation 
of the available magnetic flux density. 5 
[0012] It is an advantage that the spacing member is 
non-magnetic. It is also an advantage in certain instanc- 
es that the spacing member is magnetic. The magneti- 
sation or non-magnetisation of the spacing member is 
discussed later io 
[0013] It is an advantage that the apertures in respec- 
tive collection units, which are in closer proximity to the 
inlet means, are larger than those of units disposed 
nearer the outlet means. This provides collection units 
of varying magnetic strength along the direction of flow is 
and alleviates any collection bias on the collection units 
closest to the inlet. 

[0014] It is preferred that alignment means is provided 
for disposing the apertures and plate portions in facing 
plates of a collection unit in substantial axial alignment. 20 
As fluid flows more smoothly through apertures that are 
aligned, regions of particle collection surrounding the 
apertures are thus exposed to a minimum of fluid turbu- 
lence, thus aiding in the retention of material collected. 
The presence of an aperture on a plate creates adjacent -''^s 
plate regions of like polarity, which thus generate be- 
tween them, an axial region of magnetic repulsion. By 
aligning a pair of apertures of facing plates, the region 
of magnetic repulsion extends through an axial length 
of the collection unit. As the apertures are also the 30 
means for fluid flow through the collection unit, the path 
of fluid flow is also the region from which magnetisable 
particles, suspended in the fluid, will be repelled. As the 
repulsive force acts radially, particles will tend to be re- 
directed from the fluid flow path and repelled towards 35 
the adjacent region between the plate portions either 
side of the axial region of repulsion. The plate portions 
have between them, an attractive magnetic force acting 
substantially orthogonally to that of the repulsive flux 
field. Particles entering the axial recess between facing 40 
apertures are thus both repelled from the axial recess 
and attracted towards the attractive flux field of the gap 
or collecting region. Furthermore, as each collecting re- 
gion has apertures either side of it, the attractive flux 
lines in the collecting region are further condensed by 45 
the repulsive flux lines extending orthogonally on either 
side. Condensing the flux lines increases the magnetic 
field strength in that region. It is the combined actions 
of these two fields that enables the apertures to be kept 
free of magnetisable particles and that enables particles so 
to be held in the collecting region despite high fluid flow 
(for example 400 litres/ minute) and fluid pressure (for 
example 7000 psi). 

[001 5] It is an advantage that further alignment means 
is provided for disposing the apertures of respective col- S5 
lection units in substantial axial alignment. This too will 
minimise the fluid turbulence between collection units, 
to any particles held magnetically in respective collec- 


tion units. 

[0016] Advantageously, said alignment means and 
further alignment means comprise a tab of given dimen- 
sion on an internal edge of the plate and an axial unit 
having a groove of coresponding dimension to that of 
the tab, into which groove said tab can locate to provide 
a chosen axial and radial alignment of the facing plate 
portions and apertures of a collection unit and/ or those 
of an assembly of collection units. 
[0017] Preferably, the magnefic filtrafion system is fur- 
ther provided with flow directing means for directing fluid 
flow from the inlet means towards the apertures in said 
plates. The tntemal suri'ace of the housing of the filtra- 
tion system can be contoured into a conical shape and 
the upper portion of the axial unit provided with a conical 
portion so that fluid from said inlet means is radially dis- 
persed towards the apertures in the more or most prox- 
imal collection unit. Alternatively, a unit separate from 
the housing and the axial unit may be included between 
the inlet means and the first collection unit, with an an- 
nular conical channel for directing fluid flow in the same 
manner 

[0018] Preferably, further slot-like apertures are pro- 
vided in facing apertures and facing plate portions to fur- 
ther enhance the magnetic flux density between the fac- 
ing plates of each collection unit. The provision of slot- 
like apertures, which are aligned in facing plate portions, 
creates regions of magnetic repulsion, which are closer 
together than those of the first-mentioned apertures. 
The closer like poles are disposed to one another, the 
more intense the forces of magnetic repulsion between 
them will be. The inclusion of such regions, for instance, 
in the middle of a collecting region further focuses the 
attractive flux fields in these regions. The repulsive mag- 
netic forces acting radially further condense the flux 
density of the attractive fiux lines, between facing plate 
portions, acting axially. 

[0019] Advantageously, facing pole piece pairs are 
curved towards one another to further enhance the mag- 
netic flux fields therebetween. As one pole piece is mag- 
netised North and the other, South, the closer they are 
disposed to one another, the stronger the flux between 
them will be, up until a point where the plates are satu- 
rated with magnetic flux from the magnet. In addition, 
as flux is dispersed through the edges of the plates, 
curving the edges of facing pole pieces towards each 
other redirects the flux to an axial region between the 
plates. If the plates are left uncurved, the fiux fields will 
extend radially from the edge of the plate. A field of at- 
traction will still he generated between facing pole piec- 
es, but of lesser strength than where they are curved 
towards one another, where the flux fields emerging 
from facing pole pieces are substantially directed to- 
wards one another 

[0020] Advantageously, facing plates, plate arrays 
are separated by a distance which best utilises the mag- 
netic flux emergent from the edges of said facing plates 
to attract and retain magnetisable material in the fluid 
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and which also provides the collection capacity re- 
quired. The larger the collection capacity of the unit* the 
less frequently it will need cleaning. Thus the separation 
of the plates can be varied to detemnine the required 
capacity for material as well as the magnetic flux inten- 
sity distributions in the collecting regions and in the ap- 
ertures. The plates are brought together in close enough 
proximity to enable axial collection, in the collecting re- 
gion between the Internal portions of each plate pair, of 
magnetisable particles, as small as one micron in size, 
despite high fluid flow (for example 400 litres/minute) 
and high pressure (for example, up to 7000 psi). 
[0021] Advantageously, that the attractive flux lines 
between facing plate portions are substantially orthog- 
onal to the repulsive flux lines In the apertures, such that 
magnetisable material entering the apertures, is subject 
to the influence of both attractive and repulsive flux 
fields. 

[0022] Advantageously, Internal surfaces of the hous- 
ing are disposed in close proximity to the outer portions 
of the plate/ plate array pairs in order to substantially 
constrain fluid flow in the filtration system to regions in 
which magnetic flux fields generated by plate/plate array 
pairs facilitate the attraction and retention of the size 
range and type or types of non-magnetisable particle in- 
put to the filtration system, for example, ferrous particles 
smaller than one micron. 

[0023] Alternatively, where the housing is substantial- 
ly larger than the diameter of the plates, the clearance 
between the collection units and the housing may en- 
compass regions beyond the efficient magnetic range 
of the collecting region. In such an instance, it is prefer- 
able to include one or a plurality of distribution plates 
having further apertures in substantial axial alignment 
with said plate apertures, which can be disposed either 
side of one or more of the collection units to ensure that 
all fluid is exposed to regions having magnetic flux den- 
sity, similar to, or greater than a threshold required for 
particle attraction. The different sizes of particle and the 
type of particle in suspension in the fluid will have differ- 
ent such thresholds. These threshold intensities also 
depend on the size and type of other material in suspen- 
sion as well as fluid flow and pressure. For instance, the 
threshold intensity required to attract a particle which of 
a given size, for example 1 micron, will rise if other forces 
acting on the particle are increased, as when fluid pres- 
sure is increased or if fluid flow is increased. 
[0024] Preferably, the housing comprises one or a 
plurality of sealable sections with interiockable threaded 
portions that enable said sections to be readily assem- 
bled or dismantled. The sections of the housing screw 
apart to facilitate insertion or removal of the collection 
unit assembly into or from the housing, and screw to- 
gether to encase the assembly. When required, the as- 
sembly can be removed from the housing, cleaned of 
any magnetisable material debris present and replaced 
inside for re-use. 

[0025] Preferably, the housing is further provided with 


means for attachment to a fluid system. 
[0026] Advantageously, isolation means may be pro- 
vided for isolating (blanking off) fluid flow to and from 
the filtration system to facilitate its removal from and In- 
5 sertion into the fluid system. 

[0027] Advantageously, monitoring means for moni- 
toring the presence and/or amount of material collected 
Is disposed in the filtration system, so that particle col- 
lection and therefore wear can be assessed without dis- 

^0 mantling the system. 

[0028] It is preferred that close down means is provid- 
ed for enabling a system, of which said filtration system 
is a part, to be closed down if a pre-determined level of 
debris collected is reached. If the wear of a component 

IS can be assessed at an eariy stage, other components 
sharing the same fluid will be less likely to wear and 
complete system failure, perhaps involving substantially 
accelerated wear of several components and/ or me- 
chanical seizure, is thus less likely. 

20 [0029] Advantageously, conventional filter media Is 
disposed in the housing to remove non-magnetisable 
particles input to the system. 
[0030] Advantageously, the magnets In the collection 
units are electromagnets having switch means for acti- 

25 vating the electromagnets to collect particles and for de- 
activating the electromagnets to facilitate release of any 
particles collected. This will facilitate more convenient 
removal of any material accrued in the collection unit 
before its re-use. The switch means, disposed outside 

30 the housing for manual access, is used to activate or 
de-activate the electromagnet depending on whether 
the collection unit is in a filtration mode or in a cleaning 
mode. Alternatively, the switch means can be disposed 
inside the housing if external remote means of its oper- 

35 ation are provided. 

[0031] A further advantage of the present invention 
resides in the fact that the magnetic elements can impart 
some magnetism to the fluid flowing therethrough and 
this can be used in a manner well known to those skilled 

40 in the art and therefore not described in more detail 
herein. 

[0032] It is preferred that conventional cellulose fibre, 
metal or other filter material is disposed in the magnetic 
filtration system to remove non-magnetisable material 
45 input to said system. Advantageously, the filter material 
Is placed downstream of one or a plurality of collection 
units. 

[0033] In accordance with a further aspect of the 
present invention a method of operating a system for 

50 the removal of magnetisable particles from a fluid sys- 
tem in which said particles are in suspension. Includes 
providing an apparatus comprising inlet means and out- 
let means, in which a plurality of collection units is dis- 
posed, each collection unit comprising a plurality of 

55 plates or plate arrays disposed either side of one or a 
plurality of magnets so that the plates or plate arrays 
have opposing polarities, wherein portions of the plates 
or plate arrays extend beyond part or all of an edge or 
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edges of one or a plurality of said magnets, facing plates 
have one or a plurality of apertures, and wherein facing 
apertures define a region of magnetic repulsion, and 
facing plate portions define therebetween, a region of 
magnetic attraction and magnetisable material collec- 5 
tion. passing fluid through said apertures, retaining said 
particles in said regions of magnetic attraction and re- 
pelling particles from said apertures. 
[0034] Advantageously, said method of operating the 
system Includes the steps of detaching the plates from io 
the magnets and then wiping off debris from the plates 
and the magnet, or alternatively, blowing the debris off 
the undismantted collection unit assembly with an air 
line. Particles are easier to blow off if the air line is di- 
rected across the flux lines of attraction rather than par- is 
allel to them. 

[0035] In accordance with a still further aspect of the 
present invention, a method of operating a system for 
the removal of magnetisable particles from a fluid sys- 
tem in which said particles are In suspension, includes 20 
the steps of providing an apparatus comprising inlet 
means and outlet means, in which a plurality of collec- 
tion units is disposed, each collection unit comprising a 
plurality of plates or plate arrays disposed either side of 
one or a plurality of electromagnets so that the plates or 25 
plate arrays have opposing polarities, wherein portions 
of the plates or plate arrays extend beyond part or all of 
an edge or edges of one or a plurality of said magnets, 
facing plates have one or a plurality of apertures in axial 
alignment, and wherein facing apertures define a region 30 
of magnetic repulsion, and facing plate portions define 
therebetween, a region of magnetic attraction and mag- 
netisable material collection, passing fluid through said 
apertures, activating the electromagnet to retain said 
particles in said regions of magnetic attraction and repel 35 
particles from said apertures, de-activating the electro- 
magnet to release the particles from said regions of 
magnetic attraction and disposing of said particles from 
said fluid system. 

[0036] Advantageously, the method for activating and 40 
de-activating the electromagnet Includes passing cur- 
rent through coils of the electromagnet. 
[0037] Advantageously, monitoring the quantity and/ 
or type of debris collected includes the steps of providing 
detection means for detecting the presence of particles 45 
collected between facing plate portions, part of which 
detection means extends in the collecting region of one 
or more collection units, monitoring the type or quantity 
of material present, providing alarm means, setting off 
the alarm if material quantity rises beyond a pre-deter- so 
mined rate or amount, providing closing down means 
for the fluid system and closing down the fluid system if 
the quantity of material rises beyond a further pre-de- 
termined rate or amount. 

[0038] Specific embodiments of the present invention 55 
will now be described with reference to the accompany- 
ing drawings in which: 


Figures 1 to 9 show both internal plan view and 
cross-section of different embodiments of collection 
unit, which can form part of a magnetic filtration sys- 
tem; 

Figures 1a and 1b are plan and side views of a col- 
lection unit according to the present invention and 
having radially extending bar magnets; 
Figures 2a and 2b are plan and side views of a col- 
lection unit according to another aspect of the 
present invention and having circumferentially ar- 
ranged bar magnets; 

Figure 3 is a perspective view of part of a further 
embodiment of a collection unit; 
Figures 4a and 4b are internal and side views of a 
further embodiment of a collection unit; 
Figures 5a and 5b are plan and side views of a col- 
lection unit according to a still further aspect of the 
present invention and having radially extending ap- 
ertures and a cylindrical magnet; 
Figures 6a and 6b are plan and side views of a col- 
lection unit according to another aspect of the 
present invention and having circumferentially ar- 
ranged slots and a cylindrical magnet; 
Figures 7a, 7b and 7c are plan and side views of an 
alternative arrangement of collection unit and illus- 
trates other orientations and shapes of apertures; 
Figures da and 8b are plan and side views of a still 
further arrangement of collection unit having an an- 
nular magnet inside which the apertures are dis- 
posed 

Figure 9 is an internal plan view of a final collection 
unit having bar magnets and collection areas at the 
edges of the plates; 

Figure 10 is a cross-section through a magnetic fil- 
tration system; 

Figure 11 isanexploded view of a stack of collection 

units; 

Figure 12 is a cross-section of a plurality of collec- 
tion units; 

Figure 13 is a cross-section through a magnetic fil- 
tration system' with contaminant indicator means; 
Figure 14 is a schematic diagram showing circuitry 
for a detector means for indicating the presence of 
magnetisable material collected in a collection unit; 
Figure 15 is a perspective view of an arrangement 
of collection units of varying dimension; 
Figure 1 6 illustrates a collection unit having an elec- 
tromagnet; 

Figure 17 illustrates a magnetic filtration system 
which is no embodiment of the invention as claimed 
having one or a plurality of collection units and a 
filtration medium for removal of non-magnetisable 
material, and 

Figures 18a and 18b are cross-sections of conven- 
tional filter media included in Figure 17. 

[0039] The arrows in figures 10.13 and 1 5 denote the 
direction of fiuid fiow. 
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[0040] Figures 1 to 9 show various embodiments of 
collection units. In figures la and lb, a collection unit 30 
has magnets 31 having faces of the same magnetic po- 
larity in contact with a collection plate 32. Respective 
faces of the magnets, of opposite polarity, are in contact 
with a further collection plate 33. One plate is magnet- 
ised North, the other South. Apertures 34 in the plates 
are passage means for fluid flow through the unit. In fig- 
ure 1, the magnets 31 are arranged radially. Figures 2a 
and 2b have plates magnetised in a similar manner, but 
with the magnets arranged circumferentialiy. The dotted 
lines in figures 1 b and 2b show alternative profiles of 
plates. The dotted lines in figures la and 2a show slot- 
like apertures that may be added to the plates. These 
arrangements generate three-dimensional collection re- 
gions between the plate pairs other than where the ap- 
ertures are aligned, thus offering a relatively large ca- 
pacity for contaminant. The distance between the 
plates, the number and size of apertures and the overall 
magnetic field strength can be varied to suit the required 
flow rate desired through the unit and the size and type 
of contaminant in the fluid. The smaller the aperture and 
the closer the plates, the greater the magnetic flux dis- 
tributions around the collecting region. This then facili- 
tates the ability of the unit to attract and retain very small 
magnetisable particles. 

[0041] The number and size of the apertures in each 
plate will determine the overall cross-sectional area 
available to fluid flow. The size and number of apertures 
can thus be varied to correspond with the dimensions 
of an inlet or outlet of the fluid system. If the total cross- 
sectional area of the apertures is made smaller than that 
of the fluid system, there will be an increase in fluid ve- 
locity where fluid flow is more constricted. If the total 
cross-sectional area of the apertures is larger than that 
of the fluid system, there will be a reduction in fluid speed 
where fluid flow is dilated. If the fluid system can with- 
stand the reduction in fluid speed across the filtration 
system, It may be an advantage to slow the flow to delay 
particles for a longer period of time, to thus enable them 
to be captured more easily. In addition, the aperture di- 
mension should be larger than the largest particle likely 
to be suspended in the fluid, to prevent occlusion of the 
apertures. 

[0042] Apertures having the same width, if aligned, 
will define between them an axial aperture of corre- 
sponding width. The narrower the axial aperture width, 
the greater the repulsive force inside it and therefore the 
greater the ability of the repulsive magnetic flux to redi- 
rect particles from the fluid flow path towards the collect- 
ing regions. However, a reduction in aperture dimension 
produces a corresponding reduction in the cross-sec- 
tionai area available for flow unless there is a corre- 
sponding increase in the number of apertures. Aperture 
width is thus optimised for both required flow throughput 
and magnetic flux strength for the attraction and reten- 
tion of particles, of a size range and type, present in the 
fluid system. When facing plate portions are aligned with 


one another, the greater the edge width, the wider the 
collecting region and therefore the greater the capacity 
for collection of material. However, the capacity for col- 
lection is moderated by the total axial recess volume re- 

5 quired for fluid throughput. The repulsive effect from an 
axial recess is stronger at the edge of a region of mag- 
netic attraction than it would be, for instance, in the mid- 
dle of the collecting region. Thus, for a required collec- 
tion capacity, it may be more advantageous to have nar- 

10 rower but more numerous plate portions so that the re- 
pulsive forces in the axial recesses are utilised to best 
effect. 

[0043] Because of the chosen axis of polarisation of 
the magnet, magnetic flux from the magnet face in con- 
15 tact with the plate is then preferentially dispersed and 
concentrated towards the peripheral edges of the 
plates. The aperture dimension, the number of aper- 
tures and the thickness of the plate are all factors that 
determine the overall peripheral edge surface area 
available for magnetic flux dispersion. The peripheral 
surtace area can thus be varied to utilise the available 
magnetic flux from the magnet attached thereto. The 
magnetic flux emerging from a surface Is given by the 
equation: 

where Bj^^ is magnetic flux density of the magnet mate- 
rial, A|^ is the cross-sectional area (in cm^) of the mag- 
net through which the flux acts and <I>|^ is the magnetic 
flux through area Aj^. 

The flux will be dispersed through a peripheral sur- 
face area Ap of the edges. 

The flux divided by Ap should not exceed the satu- 
ration flux density for the material of which the plate is 
made. For mild steel, this figure is around 1 5,000 Gauss. 
[0044] The strength of the magnet in any of the em- 
bodiments is advantageously tailored to suit the opti- 
mum saturation characteristics of the peripheral surface 
area of the plates. Consideration should be given to the 
increase in magnetic flux generated when like poles of 
adjacent core units interact with each other. The intro- 
duction of spacing units (discussed later herein) isolates 
the magnetic flux densities created in each core unit and 
might be employed to alleviate the above problem. 
[0045] For each design, there will be an optimum flux 
density for the available peripheral area of the plate. 
Consequently, either the peripheral area may be select- 
ed to match the flux density available from a given mag- 
net, or the magnet strength may be selected to suit the 
available peripheral surface area. Whilst over-fluxing 
will not detract from the performance of the invention, it 
will be appreciated that best production costs can be 
achieved by adopting this approach. Exceeding the op- 
timum magnetic flux possible for a given plate dimen- 
sion means that flux lines extend through the outer radial 
face of the plate, thus enabling particles to be collected 
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on the plate outside of the collection unit. Collection of 
particles is preferably inside the unit where they can be 
held onto more strongly. 

[0046] Provision of a greater magnetic flux than re- 
quired can enable the system to have magnetic flux in s 
reserve. The ability to attract and retain particles can 
then be increased by increasing the peripheral edge ar- 
ea by. for instance, adding another plate or replacing the 
plate with that of a greater thickness. The addition of the 
aforementioned slot-like apertures in the plates increas- io 
es the peripheral surface area further and can utilise any 
excess flux to enhance the retentive function of the col- 
lection unit. 

[0047] By under-sizing the magnet strength, one fails 
to fully utilise the available peripheral area and hence, t5 
the retentive abilities of the collection units are not opti- 
mised. 

[0048] Figure 3 shows a collection unit or part of a col- 
lection unit having pairs of collection plates 35, 36 of 
opposite magnetic polarity, through contact with mag- 20 
nets 37. Adjacent collection plates 35 thus have like po- 
larity. This arrangement permits the use of non-circular 
magnets. Magnetisable material can be collected be- 
tween plate pairs 36 and 37 and retention of particles 
therebetween is enhanced by the relative proximity and/ 25 
or intensity of like fields from one or a plurality of adja- 
cent plate pairs. 

[0049] A collection unit in figures 4a and 4b has plates 
having pole pairs 38, 39 magnetised through contact 
with a magnet 40 disposed therebetween. Through con- 30 
tact with the same magnet face, adjacent plates 38 have 
like polarity. Fluid flows in the apertures between adja- 
cent plates as well as in the recesses in the plates. Mag- 
netisable material in suspension in the fluid will be re- 
pelled from these apertures and recesses and attracted 35 
to collecting regions between the pole pairs. This ar- 
rangement allows the magnetisation of a plurality of iso- 
lated plates through contact with one magnet, and the 
creation of adjacent repulsion zones along the length of 
the magnet. The dotted lines on figure 4a show that fur- ^ 
ther apertures can be added to the plates 38, 39 to en- 
hance the ability of the collection unit to retain magnet- 
isable particles. 

[0050] Collection units in figures 5a. 5b, 6a and 6b 
have cylindrical magnets 41 , opposite faces of which 45 
magnetise plates 43. 44, North and South respectively. 
The unit illustrated in figures 5a and 5b has radially ex- 
tending apertures 45 larger at the perimeter of the plate 
than nearer the centre. Repulsive forces are greater 
where the aperture is narrower. A gradation in magnetic so 
field strength is provided across the radial span of each 
aperture, and therefore induces a radial gradation in the 
size and/ or type of particle collected between the plates. 
[0051] The collection unit in figures 6a and 6b has cir- 
cumferentially disposed and extending apertures 46. A 55 
gradation in magnetic field strength is provided across 
the circumferential span of each aperture, and therefore 
induces a circumferential gradation in the size and/ or 


type of particle collected between the plates. Repulsive 
forces are stronger in regions surrounded by more edg- 
es. 

[0052] The collection units in figures 7a. 7b and 7c 
illustrate other shapes of apertures 47, 48 for collection 
plates. The uniform aperture of figure 7a defines a re- 
gion of uniform magnetic fiux density across the cross- 
section of the aperture. In figure 7b, the nanrower slot- 
like apertures in the plate define portions of the plate of 
like polarity disposed in relatively close proximity, and 
around which, the magnetic flux density is thus en- 
hanced. The closer the spacing between like poles, the 
greater the repulsive effect between them, and there- 
fore, material is less likely to accumulate In the passage 
means for fluid. 

[0053] A collection unit in figure 8 has collecting re- 
gions 49 arranged inside the aperture of an annular 
magnet 50. Plates 51. 52 abut opposite faces of the 
magnet 50. Such an an^ngement could facilitate the 
wiring of an electromagnet. For example, an electro- 
magnet coil and its connections may be easier to isolate 
from fluid flow in this arrangement. In a further variation 
of this arrangement (not shown), a circular plate pair is 
centrally disposed either side of the magnet, having a 
large enough outer diameter to abut it, but a small 
enough inner diameter to expose part of the magnet. 
The exposed magnet faces could then additionally have 
disposed thereon, further plate portions, adjacent to the 
central plate pair or disposed substantially concentric to 
that of the central plate. 

[0054] Figure 9 shows a collection unit having a plu- 
rality of radially arranged magnets 53 with like poles in 
abutment with a collection plate 54, opposite poles in 
abutment with a facing collection plate (not shown). This 
arrangement facilitates the adjustment of the magnefic 
flux density of the collection unit through variation of the 
number of magnets present in the collection unit. 
[0055] The plates/ plate arrays shown in figures 1 to 
7 can be further provided with nan'ow longitudinal aper- 
tures extending radially or circumferentially. Examples 
of these are represented by dotted lines on figures la. 
2a and 4a. This will produce zones of enhanced mag- 
netic repulsion. The perimeter portions of facing plate 
portions in any of the embodiments can also be curved 
towards one another to enhance the strength of the at- 
tractive magnetic flux between them. Examples of these 
are represented by dotted lines on figures 1b. 2b, 4b, 
5b, 6b, 7c, 8b, and shown in solid lines on figures 10 to 
13 and 15 to 17. One of the major advantages of the 
present invention resides in the provision of the recess- 
es or apertures which allow the magnetic fiux density to 
be concentrated in the collection region whilst also cre- 
ating a region of magnetic repulsion within the recesses 
which prevents the build-up of magnetic particles there- 
in, thereby avoiding blocking therein and obstruction of 
fiow. This feature enables flow to be maintained within 
the filter even when the filter has reached contaminant 
capacity, this capacity being approximately the volume 
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defined between exposed facing plate portions. As men- 
tioned earlier, the capacity of the unit should optimally 
suit the degree of contamination of the fluid system, the 
size and type of particle that makes up this contamina- 
tion and the system flow rate and pressure. s 
[0056] Referring to Figures 10 to 13, a collection unit 
1 is formed from a plate array pair 2. 3 between which, 
one or a plurality of magnets 4 is disposed. The plates 
attach to the magnet by magnetic attraction. Each plate 
array comprises pole pieces 5 and recesses or aper- io 
tures 6, which are further provided with slots 7. Facing 
pole pieces are curved towards one another to enhance 
the magnetic flux between them. One plate array is po- 
larised North, the other South through contact with the 
magnet 4. The unit 1 is mountable onto a non-magnet- *5 
isable rod 8, The diameter of the rod 8 is smaller than 
the internal diameter of central holes in the plates and 
the magnets. In this specific embodiment, a collection 
unit is assembled by placing a magnet between a pair 
of plates. In specific embodiments, for plates of diameter 20 
ranging between 30 to 50 mm and of thickness ranging 
from 1 to 3 mm, the plate separation can range from 5 
to 10 mm. Other plate separations, thicknesses, and di- 
ameters can be used. Apertures and pole pieces are 
symmetrically arranged about the plate. If, for example, 
there are eight apertures, approximately 7 mm in width 
and length, the eight pole piece pairs respectively, in be- 
tween, will occupy the remaining perimeter. For a given 
size of plate, the sizes of aperture and pole piece re- 
quired will detemnine the number of apertures and pole 3o 
pieces that can be accommodated in a given circumfer- 
ence. For the examples given, the slots in the plates can 
vary between 1 and 2 mm in width. 
[0057] As shown earlier, the magnetic flux density of 
the magnet can then be chosen for a specific plate di- 35 
mension. In a specific embodiment, curving the outer 
portions of facing pole pieces towards each other, so 
that that facing edges are separated by a distance that 
is approximately half that of the uncurved plate separa- 
tion, the flux intensity between the plates can approxi- 40 
mately double. Thus, the larger the plate separation the 
greater the capacity of the collection unit, but facing pole 
pieces towards one another, maintains nearly the same 
capacity (as that of the uncurved pole pieces) but with 
the advantage of the properties of enhanced magnetic 
flux fields obtainable with closer plate separation. The 
rod is provided with an axial recess or groove 10 on an 
outer face. The plates 2, 3 are further provided with a 
tab 11 on an internal surface which locates into said 
groove 1 0, to ensure that the recesses 6 and pole pieces so 
5, respectively, of adjacent collecting units, are in radial 
and axial alignment if the collection units are identical, 
or in an alternative radial alignment if the collection units 
are not identical. The groove provided on the rod will 
thus only accept the collection units in their respective ss 
chosen orientation of recesses and pole pieces. A spac- 
er 9 is optionally mountable onto the rod so that it sep- 
arates a further unit, which could be identical to, or have 


different dimensions to that of the first-mentioned unit, 
to be mounted on after it. The spacer may be used to 
modify the magnetic flux pattem as and when desired. 
For example, the spacer enables separation of the mag- 
netic fluxes in adjacent collection units, which might oth- 
envise be over-saturated due to the combining effect of 
like poles being positioned directly adjacent each other. 
It has been found that when like poles are placed adja- 
cent to each other, the combined magnetic flux could, 
in some circumstances, be greater than the optimum for 
the available peripheral surface area. The use of a non- 
magnetisable spacer facilitates prevention of dispersal 
of magnetic flux from adjacent core units. Magnetisable 
spacers, on the other hand, can cause dispersion of the 
magnetic flux, which can be used to advantage should 
one wish to tailor the degree of saturation in the vicinity 
of the collection region. Adjacent units are oriented so 
that like poles on adjacent collecting units are facing. 
Further collection units are mounted on the rod and sep- 
arated in a similar manner. 

[0058] A distribution plate 1 2 (shown in figures 1 0 and 
13) preferably made of a non-magnetisable material 
abuts the first plate in the line of flow. A circlip or other 
retaining means 13 is disposed on one side of the dis- 
tribution plate and In abutment with the last mounted col- 
lection unit to maintain the collection units in their axial 
locations. The rod 5 is further provided with flow distri- 
bution means 14 that can be domed in shape as shown 
in figures 10 and 13 or conical in shape as shown in 
figure 1 7. An internal surface 24 of the housing is conical 
in shape and flow distribution means 14 is an integral 
part of the rod 8. Fluid entering through the inlet is thus 
directed towards the apertures in the most proximal 
plate. 

[0059] The rod 8 mounted with collection units 1 is dis- 
posed in a housing 15 divided into two parts, which in< 
teriock by means of threaded surfaces 1 6 and which can 
be sealed by sealing means 1 7 in the form of, for exam- 
ple, a rubber 'O -ring. The two parts of the housing may 
be screwed apart to access the assembly of collection 
units, as may be the case when the unit is inspected for 
evidence of mechanical wear and/ or if it requires clean- 
ing. They can then he screwed together to re-enclose 
them, when the filtration system is ready for re-use. 
[0060] Altematively, the collection unit assembly illus- 
trated in figures 10 and 12 may be disposed in housing 
means that is integral to the fluid flow system. As there 
is no obstructive barrier across the entire cross-section 
of flow, the magnetic filtration assembly has no minimum 
fluid pressure or How requirements. Therefore, these 
factors do not place constraints on the location of the 
collection units. The housing may be a part of a fluid line, 
part of the fluid system housing or other part of the fluid 
system. The housing may be made of a material to en- 
able the filtration system to withstand the fluid pressure 
of the system of which it will be part. For example, a unit 
having four collection units housed in a housing, approx- 
imately 135mm long and 90mm in diameter, made of 
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aluminium can withstand pressures of up to 7000 psi 
[0061] Detector means 1 8, 1 9 (Figure 1 3) can be pro- 
vided for detecting the presence of magnetisable mate- 
rial collected between said pairs of pole pieces. Said 
means could be mounted in the housing 15 and con- 5 
nected directly, or accessible remotely, to indicator 
means on the outside of the housing or to a remotely 
located indicator unit. 

[0062] One form of detector means 18,19 comprises 
an insulator 20 disposed in an aperture in the housing io 
15. A probe 21 made of conducting material, is disposed 
inside the insulator 20 so that one end of the probe pro- 
trudes into the collecting region between one of the pairs 
of pole pieces, and the other end of the probe remains 
outside the housing. Retaining means 22 retains a con- is 
ducting connector 23 on the part of the probe 21 outside 
the housing. It also retains a sealing means 24 against 
the aperture in the housing and the insulator 20. In this 
embodiment, the build up of metal particles beKveen.the 
probe and the plate will complete the circuit. 20 
[0063] Referring to figure 1 4, in another embodiment, 
a probe 73 is connected to a signal processor 65, which 
is also connected to a pole piece 5 of one or more col- 
lection units via an insulator 66. A switch 67 activates a 
power supply 68, which provides current to the probe 25 
73 via a further switch 72 and a timer 69. The switch 72 
can be automatically activated by the timer 69, which 
can be controlled by a computer 70. The signal proces- 
sor 65 is additionally connected to display means 71, 
the iswitches 67, 72 and the timer 69. The presence of 30 
magnetisable material on the plate will vary the electrical 
characteristics of the circuit. The electrical characteris- 
tics will depend on the type and size of material in the 
fluid system. In an alternative circuit, the presence of 
debris collected between the probe and the pole piece 35 
5 has to be greater than a pre-determined value to en- 
able the circuit to be completed. The advantage of the 
other embodiment over the latter means that debris can 
be detected in very small amounts. The debris does not 
have to build up to such an extent that it will complete a 
circuit. The electrical properties (voltage/ current/ resist- 
ance) of this connection can then be displayed on the 
display 71 as well as relayed to the computer 70. The 
system can be calibrated to known contaminant levels 
to enable reference data to be provided when the sys- 45 
tem is in use. Data from the signal processor can be 
output to display means and/ or a monitoring computer. 
Detection may be a continuous process or one which is 
performed at given intervals. The frequency of the de- 
tection process can be increased when debris build up so 
accelerates beyond a pre-determined rate. An alarm 74, 
which may be audio or visual, can also be activated 
when debris build-up rises to a pre-determined level or 
if it rises at a rate greater than a further pre-determined 
rate. Following receipt of data from the signal processor, 55 
the computer 70 may have facility, via the switch 67, for 
shut-off of the fluid system operation if a pre-determined 
threshold level of system contamination is reached. 


[0064] In an arrangement having substantially com- 
mon collection units, fluid containing metal contaminant 
will flow into the recesses and metal debris builds up 
between pairs of pole pieces 5. Detector means 18 dis- 
posed by the first collection unit encountered by the flow 
wiil then act as an indicator of early build up of debris in 
the filtration system. Because some of the metal parti- 
cles suspended in the fluid are removed as fluid flrst 
flows through a collection unit, the fluid which flows into 
the next collection unit therefore contains less metal 
contaminant. Thus, the collection unit furthest from the 
inlet will take the longest to All with debris. Detector 
means 19 disposed by this collection unit will indicate 
when the fluid flitration system is substantially filled with 
contaminant. 

[0065] The detector means could also be used to in- 
dicate the quantity of debris present, and not just its 
presence. In one example, once the circuit is connected, 
different amounts of debris will offer respectively difl'er- 
ent resistances to the passage of current in the circuit. 
Once calibrated, current or other readings could then 
relate to the amount of debris collected. 
[0066] Greater numbers of collection units can be 
stacked together (figure 12) to further enhance the col- 
lection capacity of metallic debris, by the flitration sys- 
tem. 

[0067] In a further embodiment, distribution plates are 
disposed at the plates nearest the inlet and outlet 
means, and between adjacent collection units. 
[0068] In another embodiment, the distribution plate 
may be omitted depending on the flow rate required 
through the device and the clearance between the outer 
diameter of the metal plates and the housing. 
[0069] In a further embodiment shown in figure 1 5, the 
collection units can be provided with successively larger 
recesses or apertures to vary the magnetic flux density 
along the direction of flow. Collection units with smaller 
recesses or apertures will have greater magnetic flux 
intensity in both collecting portions and in fluicJ path- 
ways. The axial distribution of flux intensity will thus pro- 
duce a gradation in the size and or type of particle that 
is input to the system and also therefore prevent occlu- 
sion of the first-impinged collection unit before subse- 
quent collection units are filled. In figure 15, collection 
unit 75 is disposed closer to inlet means (not shown) to 
the collection unit assembly than collection unit 77. Unit 
75 has larger apertures than collection unit 76, the ap- 
ertures of which, are larger than those of collection unit 
77. Collection unit 77 therefore exerts a greater mag- 
netic fiux density than collection unit 75. For example, 
particles that are more easily magnetised may be cap- 
tured with comparatively widely spaced plates and/ or 
comparatively larger recesses. Less easily magnetised 
particles may be captured between more closely packed 
plates and/ or with comparatively smaller recesses. For 
example, iron-based particles may be captured more 
easily than say aluminium and phosphor bronze. In- 
deed, it is quite possible to capture particles having a 
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very low magnetic permeability, so long as the spacing 
and recesses are defined accordingly. 
[0070] Collection units can be removed from the fluid 
system for inspection of material collected therein, for 
example, for component condition monitoring, and/ or 5 
cleaning of any material collected. At its places of inser- 
tion into a fluid system, the filtration system can be dis- 
connected at both or either its outlet and/ or inlet using 
isolation means (not shown) to maintain fluid in the fluid 
system (if so desired) whilst the filtration system is dis- io 
connected from it. To remove material from the units 
shown in figures 10 and 13, the housing 15 is screwed 
apart and the collection unit assembly is removed. The 
circlip is removed to allow the collection units to be re- 
moved from the rod 8, The plates, held on by magnetic is 
attraction to the magnet, are pulled off the plates. Once 
removed from the plates, material attached to the plates 
is no longer magnetised and these can be wiped off. Ma- 
terial attached to the magnet can also be wiped off. 
[0071] Altematively, the collection unit assembly need 20 
not be dismantled where an air line is used to blow off 
any debris collected. The cleaned core unit can then be 
fitted into the two parts of the housing, sealed inside and 
re-fitted to the fluid system. 

[0072] In an embodiment where the housing is inte- 25 
gral to that of the fluid system, the collection unit assem- 
bly is removed and re-inserted by means available to 
that particular housing. 

[0073] In figure 1 6, an electromagnet 80 is In the fomn 
of a coil of wire 81 wrapped around a core 82 made of 30 
soft iron or other magnetlsable material. As is known to 
those skilled in the art. when current is passed through 
the coil, a magnetic field is induced in its vicinity, one 
end of the coil magnetised North, the other, South. De- 
pending on the degree of magnetisation required, the 35 
plates 2, 3 can be disposed against or in close proximity 
to the electromagnet to gain the magnetic polarity of the 
respective side of the coil. Alternatively, the magnitude 
of the cunrent to the coil, the type of material in the coil 
and the number of turns in the coil can be varied to the 40 
produce the desired magnetisation required for respec- 
tive plate designs. 

[0074] To operate a filtration system incorporating an 
electromagnet, cun-ent is passed to the coll to place the 
system in a filtration mode of operation. This current can 45 
then be switched off when the system is in cleaning 
mode. At the points of its insertion in a fluid system, the 
filtration system could then be disconnected at both or 
either its outlet and/ or inlet using isolation means (not 
shown) as described eariier. When the current is so 
switched off and the electromagnet de-activated, the no 
flux extends through the plates or to the particles col- 
lected there. As these particles are no longer held on 
the plates and electromagnet(s) by magnetism, they are 
much easier to remove than when the electromagnet Is ss 
activated. The particles can be removed by flushing a 
fluid through the assembly. These can be collected for 
more detailed analysis of component condition. 


[0075] The filtration system may be provided with a 
housing that facilitates the loading of a further clean col- 
lection unit assembly as soon as a contaminated one is 
removed. This advantageously reduces fluid system 
down-time when the filtration system is removed. The 
assembly replacement could be automated if the unit is 
mounted on a motorised or hydraulically operated hous- 
ing. If detection means, for determining the quantity of 
material collected, is used in conjunction with such an 
assembly, replacement of the collection unit assembly 
could be triggered at regular intervals or if a pre-deter- 
mined level of material Is attained. As mentioned before, 
where close down or shut-off means is provided in the 
fluid system, this can be activated if contamination lev- 
els rise beyond pre-determined acceptable values. 
[0076] In a magnetic filtration system, that is no em- 
bodiment of the invention as claimed shown in figure 1 7, 
conventional filter medium 90 made of cellulose fibre, 
metal or other material could be included in the magnetic 
filtration system to remove non-magnetisable material 
input to the system. When the filter medium is placed 
downstream of one or more collection units, the capacity 
of the medium is taken up by only non-magnetisable ma- 
terial, as the collection units remove the magnetlsable 
particles from the fluid before it reaches the filter medi- 
um. In the examples shown in figures 18a and 18b, the 
medium 90 presents a smaller cross-sectional area to 
the flow than that of the overall cross-section of its en- 
closing means 91 so that, even at capacity, fluid is still 
able to flow past or through the conventional filter me- 
dium 90. 


Claims 

1 . A magnetic filtration system for filtering magnetlsa- 
ble material from a fluid in which said material is in 
suspension comprising inlet means and outlet 
means, in which a plurality of collection units (1) is 
disposed, each collection unit (1) comprising a plu- 
rality of plates (2, 3) or plate arrays disposed either 
side of one or a plurality of magnets (4) so that the 
plates (2, 3) or plate arrays have opposing polari- 
ties, wherein portions of the plates or plate arrays 
extend beyond part or all of an edge or edges of one 
or a plurality of said magnets (4). facing plates have 
one or a plurality of apertures, wherein facing aper- 
tures define a region of magnetic repulsion, and fac- 
ing plate portions define therebetween, a region of 
magnetic attraction and magnetlsable material col- 
lection, such that the magnetic flux fields thus cre- 
ated facilitate preferential collection of magnetlsa- 
ble materials in the collection region between facing 
portions rather than in the region between said fac- 
ing apertures, and wherein facing collecting regions 
are disposed between facing apertures such that 
the attractive fiux fields generated In the collection 
regions and the repulsive fields disposed either side 
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thereof, facilitate collection in a volume sandwiched 
between exposed facing plate portions (2, 3). char- 
acterised in that the respective plates (2, 3) of ad- 
jacent collection units (1 ) having like polarity are dis- 
posed adjacent to one another so as to substantially s 
restrict the collection of magnetisable particles to 
the collection regions substantially within the Interi- 
or of the collection units. 

2. A magnetic filtration system as in claim 1 charac- io 
terised in that there is provided a housing (15) 
made of a non-magnetisable material, to thereby 
limit magnetisable material collection to the collect- 
ing regions within the collection units (1) if the col- 
lection units are disposed in close proximity to the 15 
interior of said housing (15). 

3. A magnetic filtration system as in claims 1 to 2 char- 
acterised in that there is provided a housing inte- 
gral to a flow system, said filtration system still per- 20 
mitting fluid flow therethrough, even at contaminant 
capacity. 

4. A magnetic filtration system as in claims 1 to 3 char- 
acterised In that each collection unit (1) is further 25 
separated from an adjacent collection unit (1) by a 
spacing member (9). 

5. A magnetic filtration system as in claims 1 to 4 char- 
acterised In that the spacing member is non-mag- 30 
netic. 

6. A magnetic filtration system as in claims 1 to 5 char- 
acterised in that the spacing member is magnetic. 

35 

7. A magnetic filtration system as in claims 1 to 6 char- 
acterised in that the apertures (6) in respective col- 
lection units, which are in closer proximity to the in- 
let means, are larger than those of units disposed 
nearer the outlet means. 40 

8. A magnetic filtration system as in claims 1 to 7 char- 
acterised In that alignment means is provided for 
disposing the apertures (6) and plate portions (5), 

in facing plates (2. 3) of a collection unit (1 ), in sub- 4S 
stantial axial alignment. 

9. A magnetic filtration system as in claims 1 to 8 char- 
acterised in that further alignment means is pro- 
vided for disposing the apertures, of respective col- so 
lection units, in substantial axial alignment 

10. A magnetic filtration system as in claims 1 to 9 char- 
acterised in that said alignment means and further 
alignment means comprise a tab (11) of given di- 55 
mension on an intemal edge of the plate and an ax- 
ial unit (8) having a groove (10) of corresponding 
dimension to that of the tab (11). into which groove 


said tab can locate to provide a chosen axial and 
radial alignment of the facing plate portions (5) and 
apertures (6) of a collection unit (1 ) and/ or those of 
an assembly of collection units. 

11. A magnetic filtration system as in claims 1 to 10 
characterised In that the magnetic filtration sys- 
tem is further provided with flow directing means 
(14) for directing fluid flow from the inlet means to- 
wards the apertures (6) in said plates (2, 3). 

12. A magnetic filtration system as in claims 1 to 11 
characterised In that slot-like apertures (7) are 
provided in said apertures (6) and facing plate por- 
tions (5) to further enhance the magnetic flux den- 
sity between the facing plates of each collection 
unit. 

13. A magnetic filtration system as in claims 1 to 12 
characterised in that facing pole piece pairs (5) 
are curved towards one another to further enhance 
the magnetic flux fields therebetween. 

14. A magnetic filtration system as in claims 1 to 13 
characterised in that facing plate/plate array pairs 

(5) are separated by a distance which best utilises 
the magnetic flux emergent from the edges of said 
facing plates/ plate arrays to attract and retain mag- 
netisable material in the fluid and which also facili- 
tates a required collection capacity. 

15. A magnetic filtration system as in claims 1 to 14 
characterised In that the attractive flux lines be- 
tween facing plate portions (5) are substantially or- 
thogonal to the repulsive flux lines in the apertures 

(6) , such that magnetisable material entering the 
apertures, is subject to the influence of both attrac- 
tive and repulsive flux fields. 

16. A magnetic filtration system as in claims 1 to 15 
characterised in that internal surfaces of the hous- 
ing are disposed in close proximity to the outer por- 
tions of the plate/ plate array pairs in order to sub- 
stantlally constrain fluid flow in the filtration system 
to regions In which magnetic flux fields generated 
by facing plate/ plate array pairs facilitate the attrac- 
tion and retention of the size range and type or types 
of non-magnetisable particle input to the filtration 
system, for example, ferrous particles smaller than 
one micron. 

17. A magnetic filtration system as in claims 1 to 16 
characterised in that one or a plurality of distribu- 
tion plates (12) have further apertures In substantial 
axial alignment with said plate apertures, which can 
be disposed either side of one or more of the col- 
lection units (1) to ensure that all fluid is exposed to 
regions having magnetic flux density, similar to, or 
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greater than a threshold required for particle attrac- 
tion. 

18. A magnetic filtration system as in claims 1 to 17 
characterised in that the housing (15) comprises 5 
one or a plurality of sealable sections with interlock- 
able threaded portions that enable said sections to 

be readily assembled or dismantled. 

19. A magnetic filtration system as in claims 1 to 18 io 
characterised in that the housing (15) is further 
provided with means for attachment to a fluid sys- 
tem. 

20. A magnetic filtration system as in claims 1 to 19 is 
characterised in that isolation means may be pro- 
vided for isolating fluid flow to and from the filtration 
system to facilitate its removal from and insertion 
into the fluid system. 

20 

21. A magnetic filtration system as in claims 1 to 20 
characterised in that monitoring means for moni- 
toring the presence and/or amount of material col- 
lected is disposed in the filtration system, so that 
particle collection and therefore wear can be as- 25 
sessed without dismantling the system. 

22. A magnetic filtration system as in claims 1 to 21 
characterised in that close down means is provid- 
ed for enabling a system, of which said filtration sys- 30 
tem is a part, to be closed down if a pre-determined 
level of debris collected is reached. 

23. A magnetic filtration system as in claims 1 to 22 
characterised in that conventional filter media (90) 35 
is disposed In the housing to remove non-magnet- 
isable particles input to the system. 

24. A magnetic filtration system as in claims 1 to 23 
characterised in that the magnet or magnets in the 40 
collection unit(s) is/ are electromagnet(s) (80) hav- 
ing switch means for activating the electromagnet 

(s) to collect particles and for de-activating the elec- 
tromagnet(s) to facilitate release of any particles 
collected. 45 

25. A magnetic filtration system as in claims 1 to 24 
characterised in that conventional cellulose fibre, 
metal or other filter material is included in the mag- 
netic filtration system to remove non-magnetisable so 
material input to said system. 

26. A magnetic filtration system as in claims 1 to 25 
characterised in that said conventional filter ma- 
terial Is placed downstream of one or a plurality of ss 
collection units. 

27. A method for removing magnetisable particles from 


a fluid system in which said particles are in suspen- 
sion characterised in that the steps include pro- 
viding an apparatus as claimed in Claim 1, passing 
fluid through said regions of magnetic repulsion, at- 
tracting and retaining said particles in said regions 
of magnetic attraction and repelling particles from 
said apertures. 

28. A method as claimed in claim 27 characterised in 
that the method includes the steps of detaching the 
plates from the magnets and mechanical removal 
of debris from the plates and the magnets. 

29. A method as claimed in claim 27 characterised in 
that the method includes the step of blowing off par- 
ticles collected, in an undismantled collection unit 
assembly, with an air line. 

30. A method as claimed in claim 27 characterised in 
that the steps include providing an apparatus as 
claimed in Claim 24, passing fluid through said ap- 
ertures, activating the electromagnet to retain said 
particles in said regions of magnetic attraction and 
repel particles firom said apertures, de-activating 
the electromagnet to release the particles from said 
regions of magnetic attraction and disposing of said 
particles from said fluid system. 

31. A method as claimed in claim 30 characterised in 
that the method for activating and de-activating the 
electromagnet includes the step of passing current 
through coils of the electromagnet. 

32. A method for monitoring the quantity and/ or type of 
debris collected includes the steps of providing the 
apparatus as claimed in Claim 1 or Claim 24, pro- 
viding detection means for detecting the presence 
of particles collected between facing plate portions, 
part of which detection means extends in the col- 
lecting region of one or more collection units, mon- 
itoring the type or quantity of material present, pro- 
viding alarm means, setting off the alarm if material 
quantity rises beyond a pre-determined rate or 
amount, providing closing down means for the fluid 
system and closing down the fluid system if the 
quantity of material rises beyond a further pre-de- 
termined rate or amount. 


Patentanspriiche 

1 . Magnetfiltrationssystem zur Filterung von magneti- 
sierbarem Material aus einem Fluid, in dem das Ma- 
terial suspendiert 1st. wobei das Magnetfiltrations- 
system Einlassmlttei und Auslassmittel umfasst 
und in dem Magnetfiltrationssystem eine Vielzahl 
von Sammeleinheiten (1) angeordnet ist, wobei je- 
de Sammeleinheit (1) eine Vielzahl von Flatten (2. 
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3) Oder Plattengruppen umfasst, die an beiden Sei- 
ten eines Oder einer Vielzahl von Magneton (4) so 
angeordnet sind, dass die Flatten (2, 3) oder Plat- 
tengruppen entgegengesetzte Polaritaten aufwei- 
sen, wobei sich Abschnitte der Platten oder Flatten- 5 
gruppen uber einen Teil oder die Gesamtheit einer 
Oder mehrerer Kanten eines oder einer Vielzahl der 
Magnete (4) hinaus erstrecken, einander zuge- 
wandte Flatten eine oder eine Vielzahl von dffnun- 
gen aulweisen, einander zugewandte OflFnungen io 
einen Bereich magnetischer AbstoRung definieren 
und einander zugewandte Flattenabschnttte dazwi- 
schen einen Bereich magnetischer Anziehung und 
der Sammlung von magnetislerbarem Material de- 
finieren, so dass die somit erzeugten magnetischen ^5 
Flussfelder eine bevorzugte Sammlung von ma- 
gnetisierbaren Materialien im Sammelbereich zwi- 
schen einander zugewandten Abschnitten anstatt 
in dem Bereich zwischen den einander zugewand- 
ten Offnungen emioglichen. und wobei einander 20 
zugewandte Sammelbereiche zwischen einander 
zugewandten Offnungen angeordnet sind, so dass 
die in den Sammelbereichen erzeugten anziehen- 
den Flussfelder und die abstollenden Felder, die 
sich an beiden Seiten davon befinden, das Sam- 25 
mein in einem Raum ermoglichen, der zwischen 
den freiliegenden einander zugewandten Platten- 
abschnitten (2, 3) angeordnet ist, dadurch gekenn- 
zeichnet, dass die jeweiligen Platten (2. 3) benach- 
barter Sammeleinheiten (1), die dieseibe Folarltat 30 
aulweisen, zuelnander benachbart angeordnet 
sind, so dass das Sammein von magnetisierbaren 
Partikein im Wesentlichen auf die Sammelbereiche 
im Wesentlichen im Inneren der Sammeleinheiten 
beschrdnkt ist. 35 

2. Magnetfiltrationssystem nach Anspruch 1, da- 
durch gekennzeichnet, dass ein Gehause (15) 
bereitgesteilt Ist, das aus nicht magnetisierbarem 
Material besteht. um dadurch das Sammein von ^0 
magnetisierbarem Material auf die Sammelberei- 
che innerhalb der Sammeleinheiten (1) zu be- 
schranken, wenn die Sammeleinheiten in nachster 
Nahe zum Inneren des Gehauses (15) angeordnet 
sind. 45 

3. Magnetfiltrationssystem nach Anspruch 1 und 2, 
dadurch gekennzeichnet, dass ein Gehause be- 
reitgesteilt ist, das einstuckig mit einem Stromungs- 
system gebildet ist, wobei das Filtrationssystem die 50 
Fluidstromung durch dasselbe hindurch selbst bei 
maximaler Verunreinigung nach wie vor ermoglicht. 

4. Magnetfiltrationssystem nach Anspruch 1 bis 3, da- 
durch gekennzeichnet, dass jede Sammeleinheit ss 
(1) des Weiteren durch ein Abstandselement (9) 
von einer benachbarten Sammeleinheit (1) beab- 
standet ist. 


5. Magnetfiltrationssystem nach Anspruch 1 bis 4, da- 
durch gekennzeichnet, dass das Abstandsele- 
ment nichtmagnetisch ist. 

6. Magnetfiltrationssystem nach Anspruch 1 bis 5, da- 
durch gekennzeichnet, dass das Abstandsele- 
ment magnetisch ist. 

7. Magnetfiltrationssystem nach Anspruch 1 bis 6, da- 
durch gekennzeichnet, dass die Offnungen (6) in 
den jeweiligen Sammeleinheiten. die naher am Ein- 
lassmittel angeordnet sind, grdlier sind als die Off- 
nungen von Einheiten, die naher am Auslassmittel 
angeordnet sind. 

8. Magnetfiltrationssystem nach Anspruch 1 bis 7, da- 
durch gekennzeichnet, dass ein Ausrichtmittel 
zur Anordnung der Offnungen (6) und der Platten- 
abschnitte (5) der einander zugewandten Flatten 
(2, 3) einer Sammeleinheit (1) in einer im Wesent- 
lichen axialen Ausrichtung bereitgesteilt ist. 

9. Magnetfiltrationssystem nach Anspruch 1 bis 8, da- 
durch gekennzeichnet, dass ein welteres Aus- 
richtmittel zur Anordnung der Offnungen jeweiliger 
Sammeleinheiten in einer im Wesentlichen axialen 
Ausrichtung bereitgesteilt ist. 

10. Magnetfiltrationssystem nach Anspruch 1 bis 9, da- 
durch gekennzeichnet, dass das Ausrichtmittel 
und weitere Ausrichtmittel eine Nase (11 ) mit gege- 
benen MaEen an einer inneren Kante der Platte so- 
wie eine axiale Einheit (8) mit einer Nut (10), die 
den MaHen der Nase (11) entspricht, umfassen, wo- 
bei die Nase in der Nut angeordnet werden kann, 
um eine gewahlte axiale und radiale Ausrichtung 
der einander zugewandten Plattenabschnitte (5) 
und Offnungen (6) einer Sammeleinheit (1) und/ 
Oder einer Baugruppe von Sammeleinheiten bereit- 
zustellen. 

11. Magnetfiltrationssystem nach Anspruch 1 bis 10, 
dadurch gekennzeichnet, dass das Magnetfiltra- 
tionssystem weiterhin mit einem Strdmungsleitmit- 
tel (14) zur Leitung der Fluidstromung vo'm Ein- 
lassmittel in Richtung der Offnungen (6) in den Plat- 
ten (2, 3) ausgestattet ist. 

12. Magnetfiltrationssystem nach Anspruch 1 bis 11, 
dadurch gekennzeichnet, dass schlitzartige Off- 
nungen (7) in den Offnungen (6) und einander zu- 
gewandten Plattenabschnitten (5) vorgesehen 
sind. um die magnetische Flussdichte zwischen 
den einander zugewandten Platten jeder Sammel- 
einheit welter zu verbessem. 

13. Magnetfiltrationssystem nach Anspruch 1 bis 12, 
dadurch gekennzeichnet, dass einander zuge- 
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wandte Polstuckpaare (5) zueinander hin gebogen 
sind, damit die magnetischen Fiussfelder dazwi- 
schen welter verbessert werden. 

14. Magnetfiltrationssystem nach Anspruch 1 bis 13, 5 
dadurch gekennzeichnet, dass einander zuge- 
wandte Flatten- bzw. Plattengruppenpaare (5) um 
einen Abstand voneinander beabstandet sind, bei 
dem der magnetische Fluss. der von den Kanten 
der einander zugewandten Flatten bzw. Flatten- io 
gruppen ausgeht, am besten ausgenutzt wird, um 
magnetlsierbares Material in dem Fluid anzuziehen 
und festzuhalten. und durch den ebenfalls eine er- 
forderliche Sammelkapazitat bereitgesteilt wird. 

15 

15. Magnetfiltrationssystem nach Anspruch 1 bis 14, 
dadurch gekennzeichnet, dass die anziehenden 
Flusslinien zwischen den einander zugewandten 
Plattenabschnitten (5) im Wesentlichen orthogonal 

zu den abstoQenden Flusslinien In den Offhungen 20 
(6) verlaufen, so dass magnetisierbares Material, 
das in die Offnungen eintritt, dem Einfluss sowohl 
anziehender als auch abstoftender Fiussfelder aus- 
gesetzt ist. 

25 

16. Magnetfiltrationssystem nach Anspruch 1 bis 15, 
dadurch gekennzeichnet, dass innere Flachen 
des Gehauses In nachster Nahe zu den aulieren 
Abschnitten der Flatten- bzw. Flattengruppenpaare 
angeordnet sind, um die Fluidstrdmung in dem Fil- 30 
trationssystem Im Wesentlichen auf Bereiche zu 
beschranken, in denen magnetische Fiussfelder, 

die von den einander zugewandten Flatten- bzw. 
Flattengruppenpaaren erzeugt werden, die Anzie- 
hung und Abstoftung eines Groftenbereichs sowie 35 
eines Typs Oder Typen von nichtmagnetisierbaren 
Partikelelngaben in das Filtrationssystem ermogli- 
chen, wie beisplelswelse Eisenpartikel. die kleiner 
als ein Mikrometer sind. 

40 

17. Magnetfiltrationssystem nach Anspruch 1 bis 16, 
dadurch gekennzeichnet, dass eIne Oder eIne 
Vielzahl von Vertellerplatten (12) weitere Offnungen 
In im Wesentlichen axialer Ausrichtung mit den Flat- 
tenoffnungen aufweisen, die auf beiden Seiten ei- 45 
ner oder mehrerer der Sammeleinhelten (1) ange- 
ordnet werden konnen, um sicherzustellen, dass 
das gesamte Fluid Bereichen ausgesetzt Ist, die ei- 
ne magnetische Flussdichte aufweisen, die gleich 
Oder grofter als ein fur die Partikelanziehung not- 50 
wendiger Schwellenwert ist. 

18. Magnetfiltrationssystem nach Anspnjch 1 bis 17, 
dadurch gekennzeichnet, dass das Gehause (1 5) 
einen oder eine Vielzahl abdichtbarer Bereiche um- 55 
fasst, die mit Gewinde versehene Abschnitte auf- 
weisen. die ineinandergreifen konnen und ein leich- 

tes Zusammensetzen und Zerlegen der Bereiche 


ermdgllchen. 

19. Magnetfiltrationssystem nach Anspruch 1 bis 18. 
dadurch gekennzeichnet, dass das Gehause (15) 
weiterhin miteinem Mittel zur Anbringung an einem 
Fluidsystem ausgestattet Ist. 

20. Magnetfiltrationssystem nach Anspruch 1 bis 19, 
dadurch gekennzeichnet, dass Absperrmittel zur 
Abspen-ung der Fluidstromung zum und vom Filtra- 
tionssystem bereitgesteilt sein konnen. um deren 
Beseitlgung aus dem und EInfugung In das Fluid- 
system zu ermdgllchen. 

21. Magnetfiltrationssystem nach Anspruch 1 bis 20, 
dadurch gekennzeichnet, dass ein UbenA/a- 
chungsmittel zur Uberwachung des Vorhanden- 
selns und/oder der Menge von gesammeltem Ma- 
terial im Filtrationssystem angeordnet ist. so dass 
die Fartikelsammlung und somit der VerschleiB er- 
mittelt werden kann, ohne das System zu zerlegen. 

22. Magnetfiltrationssystem nach Anspruch 1 bis 21, 
dadurch gekennzeichnet, dass ein Abschaltmittel 
bereitgesteilt ist, damit ein System, bei dem das Fil- 
trationssystem einen Teilabschnitt darstellt, abge- 
schaltet werden kann, wenn ein vorherbestimmtes 
Niveau von gesammelten Verschleiliteilchen er- 
reicht ist. 

23. Magnetfiltrationssystem nach Anspruch 1 bis 22, 
dadurch gekennzeichnet, dass ein herkommli- 
ches Filtermedium (90) im Gehause angeordnet ist, 
um nichtmagnetisierbare Partikel zu beseitigen, die 
In das System etngegeben werden. 

24. Magnetfiltrationssystem nach Anspruch 1 bis 23, 
dadurch gekennzeichnet, dass der Magnet oder 
die Magneten in der oder den Sammelelnheit(en) 
(ein) Elektromagnet(en) (80) ist oder sind. der oder 
die mit Schaltmtttein zur Aktlvlerung des oder der 
Elektromagneten zur Sammlung von Fartikein und 
zur Desaktivierung des oder der Elektromagneten 
zur Ermoglichung der Freigabe von gesammelten 
Fartikein versehen ist oder sind. 

25. Magnetfiltrationssystem nach Anspruch 1 bis 24, 
dadurch gekennzeichnet, dass herkommliche 
Zellstofffaser, Metall oder anderes Filtermaterial in 
dem Magnetfiltrationssystem enthalten ist. um 
nichtmagnetisierbares Material, das in das System 
eingegeben wird. zu beseitigen. 

26. Magnetfiltrationssystem nach Anspruch 1 bis 25, 
dadurch gekennzeichnet, dass herkommliches 
Filtermaterial einer Sammeleinheit oder einer Viel- 
zahl von Sammeleinhelten nachgeschaltet ist. 
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27. Verfahren zur Beseitigung von magnetisierbaren 
Partikein aus einem Fluidsystem, in dem die Parti- 
kel suspendiert sind, dadurch gekennzeichnet, 
dass die Schritte Foigendes umfassen: Bereitstel- 
len einer Vorrichtung nach Anspruch 1, Leiten von 5 
Fluid durcli die Bereiche magnetischer Abstodung, 
Anziehen und Festhalten der Partikel in den Berei- 
chen magnetischer Anziehung und AusstoHen der 
Partikel aus den Offnungen. 

10 

28. Verfahren nach Anspruch 27. dadurch gekenn- 
zelchnet, dass das Verfahren die Schritte des Abr 
nehmens der Platten von den Magneten und die 
mechanlsche Entfemung von VerschleiHteilchen 
von den Platten und den Magneten umfasst. i5 

29. Verfahren nach Anspruch 27, dadurch gekenn- 
zeichnet, dass das Verfahren bei einer nicht zer- 
legten Sammeleinheitbaugruppe den Schritt des 
Wegblasens der gesammelten Partikel mit einer 20 
Druckluftleitung umfasst. 

30. Verfahren nach Anspruch 27. dadurch gekenn- 
zeichnet, dass die Schritte Foigendes umfassen: 
Bereitstellen einer Vorrichtung nach Anspruch 24, 25 
Leiten von Fluid durch die Offnungen, Aktivieren 
des Elektromagneten, um die Partikel in den Berei- 
chen magnetischer Anziehung festzuhalten, und 
Ausstollen der Partikel aus den Offnungen, Desak- 
tivieren des Elektromagneten zur Freigabe der Par- 30 
tike! aus den Bereichen magnetischer Anziehung 
und Beseitigung der Partikel aus dem Fluidsystem. 

31. Verfahren nach Anspruch 30, dadurch gekenn- 
zeichnet, dass das Verfahren zur Aktivierung und 35 
Desaktivierung des Elektromagneten den Schritt 
des Leitens von Strom durch Spulen des Elektro- 
magneten umfasst. 

32. Verfahren zur Oberwachung der Menge und/oder 40 
des Typs von gesammelten Verschleiftteilchen. das 2 
folgende Schritte umfasst: Bereitstellen der Vorrich- 
tung nach Anspruch 1 Oder Anspruch 24, Bereitstel- 
len von Erfassungsmittein zur Erfassung des Vor- 
handenseins von Partikein, die zwischen einander 45 
zugewandten Plattenabschnitten gesammelt wur- 

den, wobei sich ein Teil des Erfassungsmittels in 
den Sammelbereich einer oder mehrerer Sammel- 
einheiten erstreckt, Uberwachen des Typs oder der 
Menge an vorhandenem Material, Bereitstellen von so 3 
Alamimitteln, Auslosen des Alarms, wenn eine Ma- 
terialmenge uber ein vorherbestimmtes AusmaB 
Oder eine vorherbestimmte Menge hinaus zunimmt, 
Bereitstellen von Abschaltmittein fur das Fluidsy- 
stem und Abschalten des Fluidsystems, wenn die 55 
Menge an Material uber ein weiteres vorherbe- 
stimmtes AusmaB oder eine weitere vorherbe- 4 
stimmte Menge hinaus zunimmt. 


Revendications 

1. Systdmede filtration magn^tique pour filtrerunma- 
t6riau magn^tisable d'un fiuide dans lequel ledit ma- 
t§riau est en suspension, comprenant un moyen 
d*admission et un moyen de sortie, dans lequel une 
plurality d'unit6s de coilecte (1) est dispos^e, cha- 
que unit^ de coilecte (1) comprenant une plurality 
de plaques (2. 3) ou d'ensembles de plaques dis- 
poses de chaque c6i6 d*un ou d'une plurality 
d'aimants (4) de sorte que les plaques (2, 3) ou les 
ensembles de plaques ont des polarit^s oppos^es. 
oCi des parties des plaques ou des ensembles de 
plaques s*etendent au-del^ d'une partie d'un ou 
d*un bord entier ou d*une pariie de ou des bords en- 
tiers d'un ou d'une plurality desdits aimants (4), les 
plaques en regard ont une ou une plurality d'ouver- 
tures, ou des ouvertures en regard definissent une 
region de repulsion magn^tique. et des parties de 
plaques en regard definissent entre elles, une re- 
gion d*attraction magnetique et de coilecte de ma- 
t^riau magn6tisable, de telle sorte que les champs 
de flux magn§tique ainsi cr§§s facilitent une coilec- 
te preferentielle de mat^riaux magn^tlsables dans 
la region de coilecte entre des parties en regard plu- 
tot que dans la region entre lesdites ouvertures en 
regard, et ou des regions de coilecte en regard sont 
dispos^es entre des ouvertures en regard de telle 
sorte que les champs de flux attirant g^ndrds dans 
les regions de coilecte et les champs repulsifs dis- 
poses de chaque cote de celles-ci, facilitent la coi- 
lecte dans un espace en sandwich entre des parties 
expos^es des plaques en regard (2, 3), caract^ris^ 
en ce que les plaques respectives (2, 3) des unites 
de coilecte adjacentes (1 ) ayant une meme polarite 
sont disposees adjacentes les unes aux autres de 
maniere a restreindre sensiblement la coilecte de 
particules magn^tisables aux regions de coilecte 
sensiblement d I'intdrieur des unites de coilecte. 

:. Systeme de filtration magnetique comme dans la 
revendication 1, caracterise en ce qu'un boTtier 
(15) fabrique en un mat^riau non magn^tisable est 
foumi, pour limiter ainsi la coilecte de mat^riau ma- 
gnetisable aux regions de coilecte dans les unites 
de coilecte (1), si les unites de coilecte sont dispo- 
sees a etroite proximite de Tinterieur dudit boitier 
(15). 

. Systeme de filtration magnetique comme dans les 
revendications 1 et 2, caracterise en ce qu'un boT- 
tier faisant partie integrante d'un syst6me d'ecoule- 
ment est fourni, ledit systdme de filtration permet- 
tant toujours r^coulement de fluide d travers celui- 
ci, meme au plain de contaminants. 

. Systeme de filtration magnetique comme dans les 
revendications 1^3, caracterise en ce que cha- 
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que unit§ de collecte (1) est encore s^par^e d'une 
unit^ de collecte adjacente (1) par un membre d'es- 
pacement (9). 

5. Systeme de filtration magn^tique comme dans les 5 
revendications 1^4, caract6ris6 en ce que le 
membre d*espacement est non magn^tique. 

6. Systeme de filtration magn^tique comme dans les 
revendications 1^5, caract6ris6 en ce que le io 

membre d'espacement est magn6tique. 

7. Systeme de filtration magn^tique comme dans les 
revendications 1^6, caract6ris6 en ce que les 
ouvertures (6) dans les unites de collecte respecti- is 
ves, qui sont k plus ^troite proximity du moyen d'ad- 
mission, sont plus grandes que celles des unites 
dispos^es plus pr^s du moyen de sortie. 


tique entre les plaques en regard de cheque unit6 
de collecte. 

13. Systdme de filtration magndtique conrime dans les 
revendications 1^12, caract6rise en ce que des 
paires de pieces polaires en regard (5) sont cour- 
b^es I'une vers Tautre pour augmenter encore les 
champs de flux magnetiques entre celles-ci. 

14. Systdme de filtration magnetique comme dans les 
revendications 1^13, caracterise en ce que les 
paires de plaques en regard/d*ensembles de pla- 
ques (5) sont separ^es d'une distance qui utilise au 
mieux le flux magndtique Emergent des bords des- 
dites plaques en regard/ensembles de plaques 
pour attirer et retenir un mat^riau magn^tisable 
dans le fluide et qui facilite aussi une capacity re- 
quise de collecte. 


8. Systdme de filtration magnetique comme dans les 
revendications 1^7, caractdrise en ce qu'un 
moyen d*alignement est foumi pour disposer les 
ouvertures (6) et les parties de plaques (5). dans 
les plaques en regard (2. 3) d*une unite de collecte 
(1), en alignement sensiblement axial. 

9. Systeme de filtration magnetique comme dans les 
revendications 1^8, 

caracterise en ce qu'un moyen d'alignement sup- 
pl6mentaire est fourni pour disposer les ouvertures, 
des unites de collecte respectives, en alignement 
sensiblement axial. 

10. Systdme de filtration magnetique comme dans les 
revendications 1^9, caracterise en ce que lesdits 
moyen d'alignement et moyen d'alignement supple- 
mentaire comprennent une patte (11) d'une dimen- 
sion donnee sur un bord interne de la plaque et une 
unite axiale (8) ayant une rainure (10) de dimension 
correspondante ^ celle de la patte (11), dans laquel- 
le rainure ladite patte peut se loger pour donner un 
alignement axial et radial choisi des parties des pla- 
ques en regard (5) et des ouvertures (6) d'une unite 
de collecte (1) et/ou de celles d'un ensemble d*uni- 
tds de collecte. 

11. Systeme de filtration magnetique comme dans les 
revendications 1 a 10. caracterise en ce que le 
systeme de filtration magnetique est pourvu en plus 
d'un moyen de direction d'ecoulement (14) pour di- 
nger Tecoulement de fluide du moyen d'admission 
vers les ouvertures (6) dans lesdites plaques (2, 3). 

12. Systeme de filtration magnetique comme dans les 
revendications 1 d 11, caracterisd en ce que des 
ouvertures en fente (7) sont pourvues dans lesdites 
ouvertures (6) et parties de plaques en regard (5) 
afin d'augmenter encore la density du flux magnd- 


15. Systdme de filtration magnetique comme dans les 
revendications 1 ^ 14, caracterise en ce que les 
lignes de flux attirant entre des parties des plaques 
en regard (5) sont sensiblement orthogonales aux 
lignes de flux repulsif dans les ouvertures (6), de 
telle sorte que le mat6riau magn^tisable penetrant 
dans les ouvertures, est soumis d I'influence des 
champs de flux attirant et repulsif. 

16. Systeme de filtration magnetique comme dans les 
revendications 1 ci 15, 

caracterise en ce que les surfaces intemes du bo?- 
tler sont disposees a etroite proximite des parties 
externes des paires de plaques/ensembles, de pla- 
ques afin de contraindre sensiblement recoulement 
de fluide dans le systeme de filtration, aux regions 
dans lesquelles des champs de flux magnetique ge- 
neres par des paires de plaques en regard/ensem- 
bles de plaques, facilitent Tattraction et la retenue 
de la plage dimensionnelle et du type ou des types 
de particules non magnetisables introduites dans le 
systeme de filtration, par exemple, des particules 
ferreuses plus petites qu'un micron. 

17. Systeme de filtration magnetique comme dans les 
revendications 1 e 16, caracterise en ce qu'une 
ou une pluralite de plaques de distribution (12) ont 
des ouvertures suppiementaires sensiblement en 
alignement axial avec lesdites ouvertures de pla- 
ques, lesquelles peuvent etre disposees d'un cote 
ou de Tautre d'une ou de plusieurs unites de collecte 
(1) pour garantir que tout le fluide est expose aux 
regions ayant une densite de flux magnetique. st- 
mllaireou superieureau seuil requis pour attirer des 
particules. 

18. Systeme de filtration magnetique comme dans les 
revendications 1 d 17 caracterise en ce que le boT- 
tier(15) comprend une ou une pluralite de sections 
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scellabies avec des parties filet^es enclenchables 
qui permettent auxdites sections d'etre facilement 
assemblies ou disassemblies. 

19. Systime de filtration magnitique comme dans les s 
revendications 1^18, caractirisi en ce que le 
boitier (15) est pourvu en plus d'un moyen de fixa- 
tion h un systime de fluide. 

20. Systime de filtration magnitique comme dans les io 
revendications 1 ^ 19, caractirisi en ce qu'un 
moyen d'isolement peut etre fourni pour isoler 
I'ecoulement de fluide vers et du systeme de filtra- 
tion afin de faciliter son enlevement du et son intro- 
duction dans le systime de fluide. is 

21. Systime de filtration magnitique comma dans les 
revendications 1 ^ 20, caracterisi en ce qu*un 
moyen de contrdle pour contrdler la presence et/ou 

la quantiti de matiriau collects, est disposi dans 20 
le systime de filtration, de sorte que la collecte de 
particules et par consequent t'usure peuvent etre 
ivaluies sans demonter le systeme. 

22. Systdme de filtration magnitique comme dans les 25 
revendications 1 ^ 21, caractirisi en ce qu*un 
moyen de fermeture est foumi afin de permettre d 

un systeme, dont ledit systime de filtration fait par- 
tie, d'etre ferme si un niveau predetermine de debris 
collectis est atteint. 30 

23. Systeme de filtration magnetique comme dans les 
revendications 1 a 22, 

caracterisi en ce qu'un materiau filtrant conven- 
tlonnel (90) est dispose dans le bottler pour retirer 35 
des particules non magnitlsables introdultes dans 
le systeme. 

24. Systeme de filtration magnetique comme dans les 
revendications 1 a 23, caracterise en ce que ^ 
I'aimant ou les almants dans I'uniti/les unitis de 
collecte est/sont un/des electro-aimant(s) (80) 
ayant un moyen de commutation pour activer le/les 
electro-aimant(s) pour coliecter des particules et 
pour disactiver le/Ies ilectro-aimant(s) pour facili- ^5 
ter le digagement de toutes particules collecties. 

25. Systeme de filtration magnetique comme dans les 
revendications 1 ^ 24, caracterise en ce que de la 
fibre de cellulose, du mital ou un autre materiau so 
filtrant conventionnel est Indus dans le systime de 
filtration magnetique pour retirer des particules non 
magnetisables introdultes dans ledit systeme. 

26. Systeme de filtration magnetique comme dans les ss 
revendications 1 a 25, caracterise en ce que ledit 
matiriau filtrant conventionnel est placi en aval 
d'une ou d'une plurality d'unitis de collecte. 


27. Procedi pour retirer des particules magnitisables 
d'un systime de fluide dans lequel lesdites particu- 
les sent en suspension, caractirisi en ce que les 
itapes incluent foumir un appareil tel que revendl- 
qui dans la revendication 1 . faire passer un fiuide 
h travers lesdites rigions de ripulsion magnitique, 
attirer et retenir lesdites particules dans lesdites re- 
gions d'attraction magnitlque et repousser les par- 
ticules desdites ouvertures. 

28. Procedi tel que revendique dans la revendication 
27, caracterise en ce que le procidi inclut les ita- 
pes consistant ^ detacher les plaques des almants 
et d retirer micanlquement les dibris des plaques 
et des aimants. 

29. Procidi tel que revendiqui dans la revendication 
27, caracterisi en ce que le procidi inclut I'etape 
consistant d souffier les particules collecties, dans 
un ensemble d'unitis de collecte non dimonties, 
avec une conduite d'air. 

30. Procide te! que revendique dans la revendication 
27, caracterise en ce que les etapes Incluent four- 
nlr un appareil tel que revendlqui dans la revendi- 
cation 24, faire passer un fiuide ^ travers lesdites 
ouvertures, activer Telectro-aimant pour retenir les- 
dites particules dans lesdites rigions d'attraction 
magnetique et repousser les particules desdites 
ouvertures, disacttver I'ilectro-aimant pour diga- 
ger les particules desdites regions d'attraction ma- 
gnetique et evacuer lesdites particules provenant 
dudit systeme de fluide. 

31. Procedi tel que revendique dans la revendication 
30, caracterisi en ce que le procide pour activer 
et desactiver I'electro-aimant inclut I'etape consis- 
tant ^ faire passer un courant dans les bobines de 
I'electro-aimant. 

32. Procidi pour contrdler la quantiti et/ou le type de 
debris collectes, incluant les etapes consistant a 
fournir Tappareil tel que revendique dans la reven- 
dication 1 ou la revendication 24, a fournir un moyen 
de detection pour detecter la presence de particules 
collecties entre des parties de plaques en regard, 
une partle duquel moyen de detection s'etend dans 
la region de collecte d'une ou de plusieurs unitis 
de collection, a contrdler le type ou la quantity de 
materiau present, d foumir un moyen d'alarme, a 
diclencher I'alarme si la quantite de materiau s'ili- 
ve au-del^ d'un taux ou d'une quantite predetermi- 
ne, a fournir un moyen de fermeture pour le systi- 
me de fiuide et ^ fermer le systeme de fiuide si la 
quantite de materiau s'eleve au-del^ d'un autre taux 
ou quantite predetermine. 
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FIG. 12 
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FIG. 17 




FIG. 18a 
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